Introduction {#s1}
============

A large body of evidence on long-term impaired functionality in children born preterm (PT, \< 37 weeks\' gestation, GW) consistently suggest cognitive and behavioral difficulties as two major problem areas ([@B1]--[@B8]). Cognitive and behavioral deficits can be assumed originating from underlying neurological disruption associated with a PT birth ([@B9]). Neurodevelopmental problems are often more severe with, but not restricted to, increased immaturity at birth ([@B3], [@B5], [@B10]). As improvements in perinatal care from the late 1990s have led to increased survival rates of children born PT ([@B11]), more children are at risk for a disadvantageous development. It is widely recognized that increased knowledge of the long-term neurodevelopmental presentations of surviving children after active perinatal care is imperative to help tailor relevant and timed interventions. Outcomes from a recent meta-analysis and systematic review ([@B12]) describe strong relationships between gestational age (GA) and later cognitive abilities and academic performances in children born PT. Additionally, it was found that attention-deficit hyperactivity disorder (ADHD) was diagnosed twice as often in children born PT compared with those born full-term (FT) and that neurodevelopmental deficits in children born PT persist beyond primary school age ([@B12]). Yet, emerging neurodevelopmental problems in children born PT with no diagnosed impairment are difficult to predict with accuracy and may not be recognized until middle childhood ([@B13]). At this age, children born PT may display both poorer cognitive and educational achievements ([@B1], [@B2], [@B14]), more externalizing behavioral disturbances such as impulsivity and hyperactivity, and internalizing behaviors such as anxiety, depression, and social problems ([@B1]--[@B3], [@B8], [@B15]) than peers born term. Lowered cognitive performance has been associated with behavioral problems in school-aged children born PT, suggesting that the latter may be mediated by the former ([@B3], [@B16], [@B17]). Early school age is a sensitive period in terms of increased cognitive and socio-behavioral pressure, which may be a triggering factor for emerging difficulties in children born PT. Children with intellectual deficits at early school age have been reported displaying more externalizing behavioral problems than typically developing children, linked to new demands on sociability, autonomy, identity development, and adjustments to the learning context ([@B18]). However, an increased risk for behavioral problems independent of cognitive difficulties has also been noted in children born PT at school age ([@B3], [@B8], [@B16]). Studies of children born very PT or with very low birth weight (BW) and adolescents born extremely PT have shown consistency in patterns of behavioral problems, although estimates vary ([@B4], [@B19]--[@B21]). Still, there is no general agreement between studies whether behavioral problems in school-aged children born PT are of mainly externalizing or internalizing nature. This discrepancy is likely related to known differences in both cognitive and behavioral presentations depending on whether children have been born at an extremely, very, or moderately/late gestational age ([@B10]). Additional study to corroborate such proposed relations is however required.

Further, birth immaturity may also involve growth restriction in developing children, with potential impact on cognitive and behavioral functioning. Postnatal growth (i.e., weight, height, and body mass index, BMI) in children born PT has been associated with both short- and long-term neurodevelopmental outcome ([@B22]--[@B25]). A fast growth gain during infancy has been found related to better cognitive outcomes in later childhood, although it comes with a risk of developing obesity ([@B25]). Children born PT typically lag behind in growth compared with those born FT during development ([@B26]). There is a catch-up in growth at school age, although not necessarily to the level of FT peers ([@B27]). Growth attainment in children born PT at an early school age has previously been related to behavioral measures such as cognitive functioning and motor performance ([@B23]--[@B25]), also in relation to obesity ([@B25]), and small for gestational age (SGA) status ([@B23]). Still, the role of growth progress for behavioral functioning in developing children born PT is far from understood, and increased knowledge of growth-behavior associations is warranted.

Moreover, socioeconomic differences (i.e., parental educational accomplishment, occupation, and/or income) have been suggested related to both cognitive performance and brain development over the course of childhood and beyond ([@B28], [@B29]). In PT pediatric populations, low parental socioeconomic status in children born moderately PT has been found to associate with greater emotional and behavioral problems ([@B30]). A recent study of children born very PT compared with FT at 8--12 years found that children with two highly educated parents performed better than did children with just one highly educated parent on most measures of cognitive and behavioral functioning ([@B31]). Therefore, independently and/or in interaction, pre- and perinatal risk factors, GA, and parental socioeconomic status are seemingly important determinants that may influence cognitive performance and mental health in both children born PT and FT.

In the present study, we set out to explore cognitive and behavioral outcomes relative to GA in a sample of school-aged children born PT (GA 23--35) in the early 2000s compared with age-equivalent children born term. In order to add further to the field, we aimed to specifically investigate whether behavioral problems following a PT birth appear to be mainly externalizing or internalizing, and possible associations between such problems and cognitive functioning in relation to immaturity at birth. Regarding growth, we included an exploration of relations between parent-reported anthropometric measures and measures of cognitive and behavioral performance. Additionally, we investigated possible associations between parental education levels and children\'s cognitive performance and behavioral outcome scores.

Materials and Methods {#s2}
=====================

Participants
------------

As part of a prospective multidisciplinary follow-up framework study, 126 children born PT between 2000 and 2005 aged 4--8 years were identified through birth records at the tertiary level care center of the Umeå University Hospital, Sweden, and contacted for participation ([Figure 1](#F1){ref-type="fig"}). Of these, 68 children accepted (≤35 GW, range 22--35, M = 31.7, SD = 3.4, 30 girls). The children born PT who declined participation (46%) had a significantly higher GA (M = 33 GW, *p* \< 0.01) than those who accepted. Thirty-two of the 68 participating children born PT were above 6 years of age, successfully completed the Wechsler Intelligence Scale for Children, 4th edition (WISC-IV, 6--16 years), and had a complete Child Behavior Checklist, 6--18 years (CBCL 6--18) provided by the parents. Identification of control children was made by selecting healthy at birth (according to ICD-10) children born term at the same hospital, of the same sex, and nearest in birth date (7 days) to the children born preterm. Following these criteria, a total of 80 healthy children born FT were recruited of which 38 (\>6 years old) provided results from both the WISC-IV and CBCL 6--18. The youngest children, not qualified to be assessed with WISC-IV at the original testing session, were followed up 4 years later. This resulted in the possibility to add 19 children born PT and 19 control children with completed outcomes from the WISC-IV and CBCL 6--18 to the present study. Thus, the final sample consisted of 108 children (45 girls) at 6--8 years of age (M = 7.9, SD = 0.6), of which 51 (21 girls) had been born PT (≤35 GW), and 57 (24 girls) FT (≥38 GW). Two of the children born PT (two boys) had mild hemiplegic cerebral palsy (HCP), and 9 had been born SGA. Notably, all participating children born PT had received active perinatal care at the same highly specialized hospital, the majority (96%) did not have any diagnosed neurodevelopmental disorder when assessments were carried out, and all attended regular school. All participants born FT were healthy, typically developing children. The study was approved by the local ethical committee (registration nr 05--104 M) and was conducted in accordance with the Declaration of Helsinki. All parents and children gave informed consent for participation. Participant characteristics are given in [Table 1](#T1){ref-type="table"}.

![Flow diagram of the study enrollment process.](fped-08-00311-g0001){#F1}

###### 

Participant characteristics.

  **Variable**                                                                                                   **PT group (*N* = 51)**      **FT group (*N* = 57)**
  -------------------------------------------------------------------------------------------------------------- ---------------------------- ------------------------------
  Maternal education (years), M (SD \[range\])                                                                   14.3 (2.6 \[9--22\])         14.6 (2.4 \[11--25\])
      SUN                                                                                                        46.0 (10.9 \[20--64\])       47.3 (9.3 \[32--60\])
  Paternal education (years), M (SD \[range\])                                                                   13.5 (2.6 \[9--21\])         14.0 (3.1 \[9--20\])
      SUN                                                                                                        41.9 (11.0 \[20--64\])       43.2 (11.7 \[20--64\])
  Age at assessment, M (SD \[range\])                                                                            7.8 (0.6 \[7.0--8.7\])       7.9 \[0.6 (6.2--8.7\])
  Birth weight (grams), M (SD \[range\])[^\*\*\*^](#TN3){ref-type="table-fn"}                                    1,637 (690 \[404--2,962\])   3,754 (401 \[3,130--4,790\])
  Gestational age (weeks), M (SD \[range\])[^\*\*\*^](#TN3){ref-type="table-fn"}                                 31.1 (3.5 \[23--35\])        40.3 (0.9 \[38--42\])
  Sex (% male)                                                                                                   59%                          58%
  Height at assessment (cm), M (SD \[range\]), N~PT~ = 47, N~FT~ = 51[^\*^](#TN1){ref-type="table-fn"}           128.0 (7.7 \[109--151\])     131.2 (6.5 \[120--146\])
  Weight at assessment (kg), M (SD \[range\]), N~PT~ = 47, N~FT~ = 50[^\*^](#TN1){ref-type="table-fn"}           26.2 (6.3 \[17--50\])        29.7 \[7.0 \[21--50\]\]
  ISO-BMI at assessment (kg/m^2^), M (SD \[range\]), N~PT~ = 47, N~FT~ = 50[^\*\*^](#TN2){ref-type="table-fn"}   15.7 (2.3 \[13--23\])        17.1 (2.7 \[13--25\])

*PT, preterm; FT, full-term; M, mean; SD, standard deviation; SUN, Swedish Classification of Education; ISO-BMI, age- and sex-adjusted body mass index*.

*p \< 0.05*;

*p \< 0.01*;

*p \< 0.001 as tested by one-way ANOVA*.

Measures and Procedures
-----------------------

### Cognitive Assessment

Assessment of cognitive functioning was made by the Swedish version of the Wechsler Intelligence Scale for Children, 4th edition (WISC-IV), covering the following domains: verbal comprehension (verbal comprehension index, VCI), perceptual (non-verbal) reasoning (perceptual reasoning index, PRI), working memory (WM), and processing speed (PS), jointly generating a full-scale intelligence quotient (FSIQ). Assessments were carried out in a dedicated testing room by a neuropsychologist (first author, ED) and two trained advanced-level clinical psychologist students (supervised by ED).

### Behavioral Assessment

Assessment of behavioral functioning was made by the Child Behavior Checklist, 6--18 years (CBCL 6--18, Swedish version), a standardized instrument providing parental report of emotional, social, and behavioral problems in children as observed within the last 6 months ([@B32]). The CBCL is composed of 113 items on a three-point Likert scale (0 = "not true", 1 = "somewhat or sometimes true," and 2 = "very true or often true") generating a total problem score based on the aggregated scores for the subscales Anxiety/depression, Withdrawal, Somatic complaints, Social problems, Thought problems, Attention problems, Rule-breaking, and Aggressive behavior. Based on these subscales, the CBCL provides two broadband factors of behavioral problems: internalizing (Anxiety/depression, Withdrawal, and Somatic complaints) and externalizing (Attention problems, Aggressive behavior, and Rule-breaking). In addition, six Diagnostic and Statistical Manual of Mental Disorders (DSM)-oriented syndrome scales can be extracted: Affective problems, Anxiety problems, Somatic problems, Attention deficit/hyperactivity (ADH) problems, Oppositional defiant problems, and Conduct problems. Summed raw scores are converted to age- and sex-specific normalized T scores. T scores for total, internalizing, and externalizing behavioral problems \>63 denote clinical significance (borderline range 60--63). For the syndrome scales, T scores ≥70 indicate clinical significance (borderline range 55--69).

In addition, information about the child\'s physical activity from the CBCL background data was extracted, calculated as the Activities scale of CBCL ([@B26]). The Activities scale consists of parental ratings of approximately how much time the child spends and how skillfully they perform each specified sport compared to other children of the same age. Ratings are made on a scale from 0 to 2 (0 = "below than average," 1 = "average," and 2 = "above average").

### Parental Level of Education

To evaluate parental level of education, the Swedish Standard Classification of Education (SUN) was used ([@B33]). SUN is a classification system that aggregates education into larger groups. The system is based on two hierarchical modules, Level of education, and Fields of Education. Level of Education module is defined by which educational level the person has been studying at, for how many years in total, and if the education was vocational or of general type. It also indicates a person\'s main work orientation and specialization. Fields of Education module is defined by rough and specified measurements and adjusted to the International Standard Classification of Education (ISCED 97).

Statistical Analyses
--------------------

Analyses of variance (ANOVA) were used to test the effect of sex (boy, girl) and group (FT, PT) on the behavioral and cognitive outcome measures. Analyses of potential subgroup differences in relation to the degree of prematurity (FT, moderately PT \[MPT, GA = 33--35 weeks\], very PT \[VPT, GA 28--32 weeks\], extremely PT \[EPT, GA \< 28 weeks\]) were performed. For these analyses, partial eta-squared ($\eta_{\text{p}}^{2}$) is reported as a measure of effect size, and the Tukey HSD test was employed for *post hoc* analyses. Correlation analyses by Pearson\'s r were used to investigate associations between the factors of interest (BW, GA, FSIQ, WISC-IV outcomes, CBCL 6--18 behavioral problems, CBCL 6--18 syndrome scales). As GA and BW correlated strongly (*r* =0.95), only GA was included in the analyses. Multiple linear regression analyses were used to predict CBCL 6--18 outcomes from GA and FSIQ and WISC-IV outcomes from GA and CBCL 6--18 total problem score. Additionally, within-group (FT/PT) correlations were made between anthropometric measures (height, weight, age-, and sex-adjusted BMI \[ISO-BMI\]) and cognitive and behavioral outcomes and between parental education level and FSIQ and CBCL 6--18 main behavioral problem and physical activity scores. Correction for multiple comparisons was not applied due to the risk for excessive power reduction when outcome variables are related ([@B34]). The alpha level was set at *p* \< 0.05 for all analyses.

Results {#s3}
=======

Note that excluding the two participating children with HCP (both born VPT) did not significantly change the results presented in this section.

Group Differences
-----------------

### Cognitive Performance

Separate 2 (sex: boy, girl) by 2 (group: PT, FT) ANOVAs for the WISC-IV index outcomes revealed no main effect of sex and no significant sex by group interaction. However, a main effect of group was found for FSIQ, VCI, PRI, and WM, but not for PS ([Table 2](#T2){ref-type="table"}). The group effects were characterized by a lower general cognitive score for children born PT compared with FT controls.

###### 

Mean composite scores for the WISC-IV indices presented by group (PT, FT) and sex (girl, boy).

                                            **PT (*n* = 51, 21 girls)**                     **FT (*n* = 57, 24 girls)**   **ANOVA**           **Effect size**
  ----------------------------------------- ----------------------------------------------- ----------------------------- ------------------- -----------------
  Verbal comprehension index (VCI)          96.0 (10.1)[^\*^](#TN4){ref-type="table-fn"}    102.8 (10.3)                  10.21 (**0.002**)   0.09
      Girls                                 99.3 (10.7)                                     102.8 (11.0)                                      
      Boys                                  93.7 (9.2)                                      102.8 (9.9)                                       
  Perceptual reasoning index (PRI)          101.1 (14.2)[^\*^](#TN4){ref-type="table-fn"}   109.5 (11.3)                  11.43 (**0.001**)   0.10
      Girls                                 100.2 (12.3)                                    108.8 (12.9)                                      
      Boys                                  101.7 (15.5)                                    110.1 (10.1)                                      
  Working memory index (WM)                 87.3 (12.0)[^\*^](#TN4){ref-type="table-fn"}    92.6 (11.2)                   5.63 (**0.019**)    0.05
      Girls                                 87.4 (9.4)                                      93.8 (12.3)                                       
      Boys                                  87.2 (13.6)                                     91.7 (10.4)                                       
  Processing speed index (PS)               95.3 (14.0)                                     97.4 (12.2)                   0.46 (0.501)        0.00
      Girls                                 98.6 (11.6)                                     98.0 (14.0)                                       
      Boys                                  93.0 (15.2)                                     97.0 (10.9)                                       
  Full-scale intelligence quotient (FSIQ)   94.4 (11.1)[^\*^](#TN4){ref-type="table-fn"}    102.6 (10.3)                  14.39 (**0.000**)   0.12
      Girls                                 96.1 (7.9)                                      103.0 (11.0)                                      
      Boys                                  93.2 (12.9)                                     102.2 (10.0)                                      

*WISC-IV, Wechsler Intelligence Scale for Children, 4^th^ edition; PT, preterm; FT, full-term. Significant main effect of group is indicated in bold*.

*Significant difference between the PT and the FT group*.

As shown in [Table 3](#T3){ref-type="table"}, one-way ANOVAs including a subdivision of the PT group depending on degree of prematurity (EPT, VPT, MPT) confirmed main effects of group for FSIQ, VCI, PRI, and WM. *Post hoc* testing further revealed evident differences between the EPT and FT group ([Table 3](#T3){ref-type="table"}), suggesting a relation between GA and cognitive function particularly accentuated for children born early in gestation.

###### 

Mean composite scores for the WISC-IV indices presented by subgroup.

                                          **EPT (*n* = 13)**                            **VPT (*n* = 16)**   **MPT (*n* = 22)**   **FT (*n* = 57)**   **ANOVA**          **Effect size**
  --------------------------------------- --------------------------------------------- -------------------- -------------------- ------------------- ------------------ -----------------
  Verbal comprehension index              92.5 (8.8)[^\*^](#TN5){ref-type="table-fn"}   95.9 (10.8)          98.1 (10.2)          102.8 (10.3)        4.87 (**0.003**)   0.12
  Perceptual reasoning index              93.6 (9.9)[^\*^](#TN5){ref-type="table-fn"}   103.8 (14.6)         103.5 (14.9)         109.5 (11.3)        6.21 (**0.001**)   0.15
  Working memory index                    81.6 (8.3)[^\*^](#TN5){ref-type="table-fn"}   90.1 (9.1)           88.6 (14.6)          92.6 (11.2)         3.39 (**0.021**)   0.09
  Processing speed index                  93.2 (17.4)                                   92.8 (11.8)          98.4 (13.3)          97.4 (12.2)         0.96 (0.417)       0.03
  Full-scale intelligence quotient (IQ)   88.2 (9.9)[^\*^](#TN5){ref-type="table-fn"}   95.6 (9.9)           97.2 (11.6)          102.6 (10.3)        7.58 (**0.000**)   0.18

*WISC-IV, Wechsler Intelligence Scale for Children, 4^th^ edition; EPT, extremely preterm; VPT, very preterm; MPT, moderately preterm; FT, full-term. Significant main effect of group is indicated in bold*.

*Significant difference between the EPT and the FT group*.

### Behavioral Outcomes

Corresponding analyses for the CBCL 6--18 T score outcomes yielded no main effect of sex or group for either the main behavioral problem scores (total problems, internalizing problems, externalizing problems) or the DSM-oriented syndrome scales. Complementary analyses at subgroup level, however, revealed a main effect of group for the respective syndrome scales Affective problems, ADH problems, and Conduct problems, where the children born EPT displayed significantly higher problem scores than the FT, MPT, and VPT groups did, respectively ([Table 4](#T4){ref-type="table"}).

###### 

Mean CBCL 6--18 T score outcomes presented by subgroup.

                                  **EPT (*n* = 13)**                            **VPT (*n* = 16)**   **MPT (*n* = 22)**   **FT (*n* = 57)**   **ANOVA**           **Effect size**
  ------------------------------- --------------------------------------------- -------------------- -------------------- ------------------- ------------------- -----------------
  Total problem score             50.8 (14.2)                                   47.4 (6.7)           43.5 (8.9)           47.4 (7.0)          2.15 (0.099)        0.06
      Internalizing problems      52.2 (9.8)                                    50.5 (7.5)           46.8 (8.2)           49.1 (7.3)          1.48 (0.225)        0.04
      Externalizing problems      50.6 (12.4)                                   46.5 (9.3)           44.1 (7.7)           46.8 (8.2)          1.46 (0.229)        0.04
  Affective problems              57.6 (8.1)[^\*^](#TN6){ref-type="table-fn"}   51.1 (1.9)           50.3 (0.5)           51.6 (2.8)          13.58 (**0.000**)   0.28
  Anxiety problems                52.5 (3.8)                                    52.9 (5.3)           51.6 (3.4)           52.0 (2.9)          0.54 (0.659)        0.02
  Somatic problems                55.2 (7.3)                                    54.9 (6.4)           52.8 (5.7)           54.5 (5.9)          0.63 (0.597)        0.02
  ADH problems                    56.4 (8.2)[^\*^](#TN6){ref-type="table-fn"}   52.4 (2.9)           51.4 (1.9)           51.8 (2.9)          6.02 (**0.001**)    0.15
  Oppositional defiant problems   56.5 (7.7)                                    54.4 (7.5)           52.2 (4.6)           53.4 (4.6)          1.75 (0.161)        0.05
  Conduct problems                55.5 (6.7)[^\*^](#TN6){ref-type="table-fn"}   51.6 (4.3)           51.8 (3.6)           51.9 (2.9)          3.48 (**0.019**)    0.09

*CBCL 6--18, Child Behavior Checklist, 6--18 years; EPT, extremely preterm; VPT, very preterm; MPT, moderately preterm; FT, full-term; ADH, attention deficit/hyperactivity. Significant main effect of group is indicated in bold*.

*Significant difference between the EPT and the respective VPT, MPT and FT group*.

Relations Between Outcome Data
------------------------------

No significant associations were found within the FT control group. Thus, reported results in this section only apply to the PT group.

### Correlation Analyses

Within the whole group of children born PT (N = 51), significant correlations were found between GA and FSIQ (*r* =0.38, *p* \< 0.01; [Figure 2A](#F2){ref-type="fig"}), VCI (*r* =0.31, *p* \< 0.05), and PRI (*r* = 0.28, *p* \< 0.05), suggesting that a shorter gestation is related to poorer cognitive functioning. Regarding CBCL 6--18 outcomes, GA was found evidently negatively associated with total problems (*r* = −0.31, *p* \< 0.05; [Figure 2B](#F2){ref-type="fig"}), internalizing problems (*r* = −0.30, *p* \< 0.05), affective problems (*r* = −0.51, *p* \< 0.001), ADH problems (*r* = -- 0.44, *p* \< 0.01), and conduct problems (*r* = −0.30, *p* \< 0.05), indicating more behavioral problems with lower GA. One significant association was also found between the WISC-IV and CBCL 6--18 outcomes in terms of lower WM scores being related to higher scores linked to problems with attention/hyperactivity (*r* = −0.35, *p* \< 0.05).

![Locally weighted (LOESS curve) fit to the scatter plot of the association between **(A)** full-scale IQ and GA, and **(B)** CBCL 6--18 total problem score and GA. The LOESS fitting indicates that relations are not truly linear, with a saturation effect appearing approximately after 34--35 weeks of GA. GA, gestational age (weeks).](fped-08-00311-g0002){#F2}

### Regression Analyses

Multiple linear regressions were calculated within the preterm group to predict CBCL 6--18 outcomes based on GA and FSIQ, and WISC-IV outcomes based on GA and CBCL 6--18 total problem scores. Significant regression equations were found for Affective problems, *F*~(2,\ 48)~ = 8.61, *p* \< 0.001, with an *R*^2^ of 0.264, ADH problems, *F*~(2,\ 48)~ = 6.23, *p* \< 0.01, with an *R*^2^ of 0.206, and FSIQ, *F*~(2,\ 48)~ = 4.12, *p* \< 0.05, with an *R*^2^ of 0.147. Regression equations for VCI, *F*~(2,\ 48)~ = 2.89, *p* \< 0.07, with an *R*^2^ of 0.107, and PRI, *F*~(2,\ 48)~ = 3.00, *p* \< 0.06, with an *R*^2^ of 0.111, just failed to reach statistical significance. As seen in [Table 5](#T5){ref-type="table"}, GA was a significant predictor of both behavioral problems (Affective and ADH) and lowered cognitive functioning (FSIQ, VCI, and PRI). FSIQ and CBCL 6--18 total problem score, separately, added no unique variance to the respective predictions of behavioral problems or cognitive functioning. Thus, in the present sample, there was an evident interrelation between degree of prematurity and both cognitive and syndrome-related behavioral problems. However, FSIQ did not independently predict aspects of behavioral problems, and CBCL 6--18 total problem score did not independently predict aspects of cognitive functioning.

###### 

Outcomes from multiple linear regression analyses predicting respective CBCL 6--18 and WISC-IV outcomes from gestational age, general cognitive functioning, and total behavioral problem score for the children born preterm.

                                  **PT group (*****N*** **= 51)**                                                   
  ------------------------------- --------------------------------- --------- ----------------- ------------------- -------------------
  Total problem score (TPS)       GA                                --0.848   0.430             −1.970              0.055
                                  FSIQ                              --0.037   0.136             --0.275             0.785
  Internalizing problems          GA                                --0.686   0.361             --1.899             0.064
                                  FSIQ                              --0.033   0.114             --0.290             0.773
  Externalizing problems          GA                                --0.783   0.416             --1.882             0.066
                                  FSIQ                              0.031     0.132             0.238               0.813
  Affective problems              GA                                −0.731    0.196             −3.733              **0.001**
                                  FSIQ                              −0.016    0.062             −0.254              0.801
  Anxiety problems                GA                                −0.070    0.182             −0.386              0.701
                                  FSIQ                              −0.037    0.057             −0.646              0.521
  Somatic problems                GA                                −0.454    0.272             −1.668              0.102
                                  FSIQ                              0.072     0.086             0.836               0.407
  ADH problems                    GA                                −0.570    0.194             −2.933              **0.005**
                                  FSIQ                              −0.043    0.061             −0.697              0.489
  Oppositional defiant problems   GA                                −0.528    0.280             −1.887              0.065
                                  FSIQ                              0.019     0.088             0.211               0.834
  Conduct problems                GA                                −0.365    0.212             −1.722              0.091
                                  FSIQ                              −0.057    0.067             −0.853              0.398
  **WISC-IV indices**             **Predictor**                     ***β***   ***β***~**SD**~   ***t***~**(48)**~   ***p*****-value**
  FSIQ                            GA                                1.167     0.443             2.634               **0.011**
                                  TPS                               −0.042    0.153             −0.275              0.785
  VCI                             GA                                0.988     0.412             2.400               **0.020**
                                  TPS                               0.121     0.142             0.850               0.399
  PRI                             GA                                1.365     0.575             2.374               **0.022**
                                  TPS                               0.258     0.198             1.300               0.200
  WM                              GA                                0.576     0.491             1.171               0.247
                                  TPS                               −0.233    0.169             −1.377              0.175
  PS                              GA                                0.549     0.577             0.951               0.346
                                  TPS                               −0.303    0.199             −1.526              0.134

*PT, preterm; CBCL 6--18, Child Behavior Checklist, 6--18 years; TPS, total problem score; GA, gestational age; ADH, attention deficit/hyperactivity; FSIQ, full-scale intelligence quotient; VCI, verbal comprehension index; PRI, perceptual reasoning index; WM, working memory; PS, processing speed. Significant outcomes are indicated in bold*.

### Associations Between Anthropometric Measures and Child Outcome Data

[Table 1](#T1){ref-type="table"} displays the mean and SD for height, weight, and ISO-BMI for the respective group (PT vs. FT) at age of assessment. As shown, the FT group was significantly taller and heavier, with an evidently higher ISO-BMI than the PT group. According to widely accepted ISO-BMI cutoff points for overweight and obesity ([@B35]), 4 children born FT were overweight (8%) and 6 obese (12%). In the PT group, 5 children were overweight (11%) and 1 was obese (2%). No significant associations between anthropometric measures and cognitive/behavioral outcome scores were found within the FT group. As shown in [Table 6](#T6){ref-type="table"}, however, height and weight, but not ISO-BMI, were significantly associated with both behavioral and cognitive outcome scores within the PT group. More specifically, height was found positively correlated with all WISC-IV indices except VCI and negatively with CBCL 6--18 behavioral problems (Total problem score, Affective, and ADH). Weight was found positively correlated with FSIQ and WM and negatively with affective problems. Notably, within the PT group, there was no significant difference in any measure between children born SGA and those born appropriate for GA.

###### 

Within group correlations between child outcome scores regarding CBCL 6--18 factors, WISC-IC indices, and parent-reported anthropometric measures at assessment age for the children born preterm.

                                  **PT group (*****N*** **= 47[^\*^](#TN7){ref-type="table-fn"})**                                              
  ------------------------------- ------------------------------------------------------------------ ------------------------------------------ ---------------------------
  Total problem score             ***r*** **= −0.322**, ***p*** **= 0.048**                          *r* = −0.240, *p* = 0.15                   *r* = −0.174, *p* = 0.30
  Internalizing problems          *r* = −0.245, *p* = 0.14                                           *r* = −0.176, *p* = 0.29                   *r* = −0.166, *p* = 0.32
  Externalizing problems          *r* = −0.311, *p* = 0.057                                          *r* = −0.265, *p* = 0.11                   *r* = −0.191, *p* = 0.25
  Affective problems              ***r*** **= −0.323**, ***p*** **= 0.048**                          ***r*** **= −0.348**, ***p*** **=0.032**   *r* = −0.295, *p* = 0.072
  Anxiety problems                *r* = −0.000, *p* = 0.99                                           *r* = −0.063, *p* = 0.71                   *r* = −0.191, *p* = 0.25
  Somatic problems                *r* = − 0.191, *p* = 0.25                                          *r* = −0.167, *p* = 0.32                   *r* = −0.177, *p* = 0.29
  ADH problems                    ***r*** **= −0.390**, ***p*** **=0.015**                           *r* = −0.300, *p* = 0.067                  *r* = −0.151, *p* = 0.37
  Oppositional defiant problems   *r* = −0.168, *p* = 0.31                                           *r* = −0.100, *p* =0.55                    *r* = −0.013, *p* = 0.94
  Conduct problems                *r* = −0.281, *p* =0.087                                           *r* = −0.207, *p* = 0.21                   *r* = −0.109, *p* = 0.51
  **WISC--IV indices**            **Height**                                                         **Weight**                                 **ISO-BMI**
  FSIQ                            ***r*** **= 0.432**, ***p*** **= 0.003**                           ***r*** **= 0.303**, ***p*** **= 0.041**   *r* = 0.115, *p* = 0.45
  VCI                             *r* = −0.002, *p* = 0.99                                           *r* = 0.002, *p* = 0.99                    *r* = 0.013, *p* = 0.93
  PRI                             ***r*** **= 0.393**, ***p*** **= 0.007**                           *r* = 0.247, *p* = 0.098                   *r* = 0.007, *p* =0.96
  WM                              ***r*** **= 0.466**, ***p*** **= 0.001**                           ***r*** **= 0.394**, ***p*** **= 0.007**   *r* = 0.205, *p* =0.17
  PS                              ***r*** **= 0.346**, ***p*** **= 0.018**                           *r* = 0.156, *p* = 0.30                    *r* = --0.018, *p* = 0.90

*Only those for whom anthropometric measures were available for both height and weight were included in the analyses. PT, preterm; CBCL 6--18, Child Behavior Checklist, 6--18 years; TPS, total problem score; ADH, attention deficit/hyperactivity; FSIQ, full-scale intelligence quotient; VCI, verbal comprehension index; PRI, perceptual reasoning index; WM, working memory; PS, processing speed. Significant correlations (p \< 0.05) are indicated in bold*.

### Associations Between Parental Education Level and Child Outcome Data

No significant group difference regarding education classification between parents of children born FT and PT was found (number of years of education: *F*~(2,\ 110)~ = 1.66, *p* = 0.196; SUN: *F*~(2,\ 110)~ = 1.25, *p* = 0.292). The parental SUN classification and number of years of education (independent of child GA) were strongly positively correlated for both mothers, *N* = 96, *r* = 0.89, *p* \< 0.0001, and fathers, *N* = 96, *r* = 0.93, *p* \< 0.0001. Thus, only SUN classification was used for the correlation analyses between parental education level and child outcome data. As shown in [Table 7](#T7){ref-type="table"}, significant negative associations between main behavior problem scores and paternal SUN classification were found within the PT group, indicating a link between both elevated internalizing and externalizing problems in the children and lower educational levels in the fathers. Further, significant positive correlations were found between physical activity and FSIQ in the children born PT and maternal SUN classification, suggesting that more physical activity and higher IQ scores were associated with more highly educated mothers. For the FT children, no significant associations between behavior problem scores and parental SUN classification were found. However, positive correlations between FSIQ in children born FT and both paternal and maternal SUN classification were found, indicating that higher IQ scores were associated with more highly educated parents.

###### 

Within group (preterm/full-term) correlations between child outcome scores regarding internalizing/externalizing behavioral problem, physical activity, full-scale IQ, and outcomes from the Swedish Classification of Education (SUN) for the parents.

  **SUN**                                         **PT group (*N* = 43[^\*^](#TN8){ref-type="table-fn"})**   **FT group (*N* = 53[^\*^](#TN8){ref-type="table-fn"})**
  ----------------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------
  **INTERNALIZING PROBLEMS**                                                                                 
  Mother                                          *r* = −0.118, *p* = 0.45                                   *r* = 0.048, *p* = 0.72
  Father                                          *r* **= −0.383**, ***p*** **= 0.01**                       *r* = 0.086, *p* = 0.73
  **EXTERNALIZING PROBLEMS**                                                                                 
  Mother                                          *r* = −0.133, *p* = 0.39                                   *r* = 0.158, *p* = 0.28
  Father                                          ***r*** **= −0.361**, ***p*** **= 0.02**                   *r* = 0.086, *p* = 0.54
  **PHYSICAL ACTIVITY (AMOUNT + SKILLFULNESS)**                                                              
  Mother                                          ***r*** **= 0.310**, ***p*** **= 0.04**                    *r* = 0.238, *p* = 0.09
  Father                                          *r* = 0.232, *p* = 0.13                                    *r* = 0.045, *p* = 0.75
  **FULL--SCALE IQ**                                                                                         
  Mother                                          ***r*** **= 0.319**, ***p*** **= 0.03**                    ***r*** **= 0.351**, ***p*** **= 0.01**
  Father                                          *r* = 0.136, *p* = 0.38                                    ***r*** **= 0.288**, ***p*** **= 0.04**

*Only those for whom SUN classification was available for both parents were included in the analyses. PT, preterm; FT, full-term; IQ, intelligence quotient. Significant correlations (p \< 0.05) are indicated in bold*.

Discussion {#s4}
==========

In the present study, outcomes from WISC-IV and CBCL 6--18 were compared between, and associated within, children born PT and FT controls at early school age. The children born PT, particularly those born at early GA, displayed lowered cognitive performance and increased syndrome-related behavioral problems, of mainly internalizing nature, compared with children born FT. In keeping, GA was found to predict aspects of both cognitive functioning and behavioral problems within the PT group in terms of short gestation being related to both poorer cognitive and behavioral outcomes in the children born PT. No unique contribution of cognitive functioning to behavioral problems or vice versa was however found. Consequently, this study provides additional evidence of increased risk for mainly independent cognitive and syndrome-related behavioral problems in early school-aged children born at low GA in the early 2000s.

It should be noted that the children born PT in the present study displayed cognitive performance mainly within the average range and behavioral problems below clinical significance. Still, in keeping with previous studies on cognitive and behavioral functioning in school-aged children born at low GA after improvements in neonatal care ([@B5], [@B15]), the children born PT, EPT mainly, displayed poorer outcomes than FT controls.

Regarding global cognitive functioning, children born PT generally displayed lowered FSIQ than FT controls, with the EPT group mean FSIQ within the low average range. The prominent difference in IQ score between children born EPT and FT controls (mean 14 points) is in keeping with meta-analytic findings ([@B2], [@B6], [@B36], [@B37]) and indicative of a persistent long-term effect of EPT birth on cognitive functioning with relevance for academic performance. Notably, the WM index score for the EPT group was specifically low (M = 81.6, approaching borderline range), suggesting an increased risk for particular problems with executive functioning. Recent research has also shown that poor attention and working memory, which are important elements of executive functioning, strongly predict academic achievement in children born EPT with or without significant intellectual disabilities ([@B38]--[@B40]).

As for parent-reported behavioral problems, evident differences between the PT and FT groups were restricted to the DSM-oriented scales Affective problems, ADH problems, and Conduct problems, driven by augmented scores in the EPT group. This finding could cautiously be interpreted as an increased risk for various forms of psychiatric disorders in the lower gestational age range of preterm birth. Similar to cognitive functioning, these problem areas also mirror those observed in previous research ([@B1]--[@B3], [@B5], [@B15]), in particular with regard to inattention--hyperactivity and emotional problems. The moderate negative correlation between lower WM scores and ADH problems within the PT group, also considering the poor WM outcome for the EPT group, further suggests a particular risk for ADHD in children born at the lower GA range. This interpretation is also in keeping with recent overviews concerning children born EPT after the 1990s ([@B5], [@B15]).

Moreover, studies have reported elevated total, internalizing, and/or externalizing problem scores in children born PT compared with FT peers ([@B2]) and that higher levels of internalizing difficulties may be a particular and long-lasting characteristic in children born at lower GA in the 1990s−2000s ([@B4], [@B8], [@B14], [@B15], [@B41]). Recently, an increased risk of externalizing problems at 7 years of age in infants with marginally low birth weight (of which most were moderately/late preterm) has been described---a risk that may be minimized by preventing iron deficiency ([@B42]). We have no individual data of iron intake in the current study, but iron supplementation was generally recommended for infants born PT with birth weight \<2,500 g. No effect of group on total problem score and no specific pattern regarding internalizing or externalizing problems in the PT group could be discerned in the present study. However, evident correlations between lower GA and increased total problem and internalizing problem scores were found, suggesting mainly internalizing problems in children born at lower GA in the present sample. In accordance, a strong association was found between GA and Affective problems, mainly characterized by introversion.

Significant associations were also evident between GA and WISC-IV and CBCL 6--18 outcomes, respectively. Consistent with reports of increased functional problems with decreased GA in children born PT ([@B5]), these findings further strengthen the notion that GA (and/or BW) remains an important predictor of cognitive and behavioral problems in children receiving active perinatal care. Here, these problems were specified to global cognitive functioning, verbal comprehension, and non-verbal reasoning in the cognitive domain and affective and attention/hyperactivity symptoms in the behavioral domain. Several additional near-significant findings were however revealed for the behavioral outcomes ([Table 4](#T4){ref-type="table"}), suggesting that more significant associations concerning risk for psychological health problems with increased birth immaturity could have been revealed if the study sample had been larger.

In contrast to previous findings ([@B3], [@B16], [@B17]), global cognitive functioning did not evidently predict behavioral outcomes in the present sample. This inconsistency may be due to between-study differences such as study sample size and participant age. An alternative explanation is that the perinatal care given to these children in a specialized Swedish University hospital setting has been successful in optimizing developmental progress so that this association is reduced at early school age ([@B11]). ADHD-related attention difficulties have been suggested related to regulation problems underlying lowered cognitive functioning in children born MPT at early school age ([@B41]). In our sample, however, total behavioral problem score was not a significant predictor of cognitive functioning. Still, it is possible that the pattern of difficulties mainly reflecting the internalizing/attention domain embedded in the total behavioral problem score observed in the present study may have exerted a greater impact on cognitive outcome in a larger population.

The low WM index score obtained for the FT group was somewhat unexpected. However, recent data from a national Swedish study (EXPRESS) suggested that the Swedish version of WISC-IV may underestimate the WM scores of FT controls at 6.5 years of age ([@B43]). We nevertheless believe that the differences in WISC-IV outcomes between children born PT and FT are valid despite the low WM index scores for both the EPT subgroup and controls.

In keeping with older studies investigating growth status in school-aged children born PT ([@B23], [@B24]), we found evident deficits in growth (height, weight, and ISO-BMI) in our sample of children born PT compared with FT peers. Thus, despite continued advances in perinatal care, and independent of obesity and SGA status, a risk for growth restriction seems to remain. Accordingly, it appears of importance to continue to monitor long-term postnatal growth status following a PT birth. This statement is corroborated by findings of significant associations between reduced height and weight and lower cognitive scores and stronger indications of behavioral problems in the PT group. The relations between growth data and cognitive functioning are similar to previous reports ([@B23], [@B24]). Less attention has been given to associations between growth data and psychological health problems. Casey and colleagues ([@B23]) did not find any differences in health behavior status ("CBCL total," "General Health Survey/Mental health") at 8 years between children born PT who had failed to thrive and comparison groups. In contrast, we found that anthropometric measures (height in particular) correlated significantly with CBCL 6--18 total problem scores and the DSM-oriented scales Affective problems and ADH problems. Further studies are warranted to continue investigating these suggested links. The lack of impact of ISO-BMI and SGA in our sample is consistent with previous studies ([@B23], [@B25]). Here, height is tentatively proposed as an important factor in relation to neurodevelopmental outcome in mainly able children born PT at school age.

In line with recent reports of socioeconomic disparity as a source of variation in children\'s cognitive development ([@B28]--[@B30]), associations between parental education level and global cognitive functioning in the participating children were also revealed in this study. These relationships were more prominent in the children born FT and seemingly more strongly associated with maternal than paternal educational attainment and occupation. Additionally, we found negative associations between elevated behavioral problems and lower paternal education level within the PT group. This outcome is in keeping with previous findings of children with one highly educated parent performing poorer than children with two highly educated parents ([@B31]). Consequently, parental educational level may be an important factor to include in studies of cognitive performance and development in children born PT and in relation to behavioral and mental problems. It should be noted that unrestrained predisposing elements such as pre- and perinatal risk factors, biological markers/brain morphology and development, parental stress factors, and even iron deficiency may have acted as confounders in the described relation between parental education level and child outcomes. Still, the findings indicate that socioeconomic factors may be especially critical among the most PT-born and disadvantaged children.

In conclusion, the present study adds support for a continued risk for increased cognitive and mental health problems with lower GA in apparently typically developing school-aged children born PT, with possible relations to both growth attainment and parental education level. Even though care and survival of infants born PT have increased significantly during the last 15--20 years, there is still an evident negative correlation between gestational age at birth and cognitive/behavioral function at school age also in more recent cohorts (e.g., 43). It is thus not clear if improved care will lead to better neurodevelopmental outcomes and not just to improved survival with similar outcomes. Obvious limitations of this study include a limited study sample, a relatively low participation percentage, and no GA group between 35 and 38 weeks. Thus, results should be interpreted taking into account these restrictions. Notably, however, given that all participants were essentially able, the study population may be considered as relatively homogenous and thus allowing for a smaller sample size. Further, even in the relatively small sample studied, with a limited number of high-risk children born EPT in the PT group, findings are strikingly similar to recent reports of cognitive and behavioral functioning in children born at lower GA. Awareness of this risk in clinical, family, and school settings is of importance to support psychosocial developmental progress and well-being in these children. Of particular concern is the risk for affective and attentional problems independent of apparent cognitive difficulties in children at early school age born at low GA. This calls for continued development of relevant intervention and support paradigms, tailored to degree of prematurity and individual strengths and weaknesses. In this endeavor, the underlying neurological base for cognitive and behavioral functioning in developing children born PT ought to be considered to further the understanding of the relation between GA and neurobehavioral presentation ([@B44], [@B45]).
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